An asymptomatic adult female rabbit had intestinal cryptosporidiosis. The ileum had blunted villi, a decrease in villus-crypt ratio and a mild edema in the lamina propria. Transmission electron microscopy showed the parasite to be a Cryptosporidium similar to those reported in mouse, guinea pig, lamb, calf, horse, monkey and man. This organism is referred to as Cryptosporidium cuniculus. Scanning electron microscopy on ileal mucosa showed altered intestinal microvilli in the attachment of the cryptosporidia. It is postulated that the organism was enveloped by the microvilli of the ileal epithelial cells which then fused and formed a continuous double membrane around the parasite.
The genus Cryptosporidium was first defined by Tyzzer in 1907 [II] with the description of the type species C. muris in the mouse stomach. He later described C. parvum in the mouse small intestine [12] . In various publications Tyzzer mentioned a Cryptosporidium similar to C. parvum in the rabbit small intestine [11] [12] [13] . Since that time several species of Cryptosporidium have been reported in various mammals including guinea pig [3] , lamb [1], calf [1, 6, 8] , Rhesus monkey [2, 4] and most recently human adult [5] and infant [7] and horse [9] .
Case History
A female rabbit (Oryctolagus cuniculus, Walter Reed strain), weighing less than 1.5 kilogram, was received at the Walter Reed Army Institute of Research. It did not have diarrhea, seemed healthy and was included in an experiment involving E. coli inoculation of ileal loops. At the time of loop construction, the small bowel was dilated. At the end of the experiment, the rabbit was killed by injection of a lethal dose of pentobarbital.
Materials and Methods
At necropsy, tissues from the loop and from a cOli-trol area proximal to the loop were taken and processed for light microscopy, transmission electron microscopy and scanning electron microscopy. For light microscopy, tissue was fixed in chilled 10% buffered neutral formalin overnight and processed and embedded in a conventional manner. Paraffin sections were stained with hematoxylin and eosin (HE) or Giemsa. 89 For transrmssion electron microscopy, tissue was placed immediately in chilled 2.5% glutaraldehyde buffered with 0.2 moll I cacodylate and cut into cubes of about I millimeter. The tissue remained in the fixative for 4 hours at 4 0 C and was then rinsed in two changes of 0.2 mollI cacodylate buffer. Tissue then was fixed in 1% OS04 in 0.2 mol/I cacodylate buffer for 4 hours at room temperature, rinsed three times in buffer, dehydrated and embedded in epon as described [10] . Ultrathin sections were stained with lead citrate and uranyl acetate.
Formalin fixed tissues for scanning electron microscope were cut into l-centimeter cubes, washed in phosphate buffered saline and fixed in 1% OS04 in phosphate buffered saline for 2 hours. The cubes then were washed again with buffer and dehydrated in absolute ethanol. They were subsequently placed in amyl acetate for 24 hours, dried at critical point, mounted on specimen stubs, and finally coated with gold-palladium.
Results
At low magnification on paraffin sections of the control area, the ileum had short and blunt villi with a moderate decrease in the villus-crypt ratio. There was slight edema in the lamina propria and dilation of the lacteals. There was no increase, however, in the number of either acute or chronic inflammatory cells, although many lymphocytes were in the epithelium.
At high magnification, numerous round-to-ovoid bodies were seen within the brush border of the epithelial cells of the villi ( fig. I) . These bodies were strongly basophilic with Giemsa stain and weakly basophilic with HE. They closely resembled the cryptosporidia of guinea pigs [3] . The epithelial cells associated with these bodies remained high columnar except at the tip of the villi where they were low columnar to cuboidal and showed signs of degeneration.
Transmission electron microscopy of control tissue showed organisms with the characteristic ultrastructure of the various stages of a Cryptosporidium species such as merozoites ( fig. 2 ), schizonts and oocytes. These were comparable to those seen by others [1, 2, [4] [5] [6] [7] [8] 15] . They were closely attached to the host cell surface displacing or replacing the microvilli, which were absent wherever the organisms were located. Some microvilli near the organisms were slender, elongated and closely apposed to the parasites while others had a bleb at the tip ( fig. 2 ). Between the organisms and the columnar cells could be seen the typical electron translucent attachment zone and the close association of parasite and host cell membranes. The parasite was never identified in areas below the base of adjacent microvilli and yet it seemed to be surrounded by a double host membrane. At magnification higher than 20,000, the organisms seemed to be surrounded by two double membranes of the host cell. Just below the host membrane at the site of contact with the parasite, there appeared a dense band that occasionally showed a regular serrated pattern ( fig. 2) . These observations and also the intracellular details of the parasites such as inclusions, nuclei and intraparasitic membranous folds were similar to those described [15] .
The scanning electron microscopic observations offered a new perspective on the cryptosporidial relationship to the gut epithelium. At low magnification, the organisms could be seen as round bodies embedded within the brush border. Some microvilli were elongated in areas adjacent to the organism ( fig. 3 ), while others remained unchanged. At higher magnification, a feature suggested by transmission electron microscopy could be resolved. At a favorable viewing angle, unique structures about the width of adjacent microvilli could be seen. They appeared to be continuous with the membrane surrounding the organisms ( fig. 5 ). Mature schizonts were easily identifiable ( fig. 4) ; their eight merozoites were in a neatly arranged octet held in the center by what, under transmission electron microscopy, appeared to correspond to "a central residual mass" [12] .
Discussion
The parasite in the rabbit structurally resembles C. wrairi from the guinea pig [3, 15] and the cryptosporidia from other mammalian species. Assuming species speci- ficity [4, 7, 14] , it is likely that the parasite described here belongs to a separate species, which would include the organism first mentioned in the small intestine of the rabbit [12] . To avoid confusion in subsequent papers, we propose this organism be referred to as C. cuniculus.
The responses of host tissue range from little or no reaction to C. parvum [12] in the mouse to involvement of both chronic and acute inflammatory cells in the human infant [7] and severe villous atrophy in the lamb [l] and guinea pig [3] . While the experimental model represented by our rabbit involved surgical manipulations and the introduction of a secondary pathological agent, it is doubtful that they could have caused the structural changes in the intestine. Firstly. the tissue was taken in a control area proximal to the infected ileal loop; secondly. it is improbable that a 4hourligation could have produced the villous atrophy because it was not seen in the control tissue of the other animals included in the same experiment.
Our electron microscopic observations have provided additional information on the process of attachment of the cryptosporidia to the epithelial cell. It seems that in all stages, with the exception of the merozoite, the organism is intracellular, surrounded by a double membrane of host cell origin. Figure 2 illustrates that as a merozoite approaches an epithelial cell, degenerating adjacent microvilli in close proximity envelop the organism. This mechanism could account for the double membrane surrounding the parasite and is in agreement with other electron microscopic findings [2, IS] . Scanning electron microscopic findings further suggest that the degenerating microvilli fuse with each other ( fig. 5 ) and become a continuous double host membrane surrounding the organism.
We have seen many cases of cryptosporidial infestation in the small intestine of the rabbit. Our case is the first we have seen where the cryptosporidia were present in numbers large enough to allow electron microscopic observations. In all other cases, the focal distribution has presented particularly serious problems in determining the incidence of cryptosporidiosis within any given rabbit population. Attempts to identify cryptosporidia in the stool in other species have yielded negative results [3, IS], although recently some success has been obtained screening calves [8] . Because of the difficulty in recognizing cryptosporidia infestations, care should be taken in interpreting the histologic changes of the small bowel of the rabbit.
